Objective It remains unclear which patients with acute stroke need percutaneous endoscopic gastrostomy (PEG) placement and when it should be performed. The aim of this study was to identify the predictors for oral intake 6 months after onset in stroke patients. Methods Data were obtained from a prospectively registered database of 738 acute ischemic stroke patients both with and without a history of stroke. Patients who survived for 6 months and replied to a questionnaire were divided into two groups: those with oral intake 6 months after onset and those without. Predictors for oral intake 6 months after onset were analyzed. Results Forty-five patients died during their hospital stay, 145 did not reply to the questionnaire, and 23 died during follow-up. Of the residual 525 patients, 485 (92.4%) had oral intake after 6 months. On multivariate analysis, modified Rankin Scale score 0 before admission (OR 2.70, 95%CI 1.10-6.61) and National Institutes of Health Stroke Scale (NIHSS) score !9 on day 10 (OR 21.12, 95%CI 5.04-88.39) were independent predictors for oral intake after 6 months, while NIHSS score on admission was not. Conclusion Clinicians should be cautious about PEG placement for stroke patients who were independent prior to their stroke and whose stroke severity decreases 10 days after admission, because their swallowing dysfunction may improve within a brief period.
Introduction
Deglutition difficulty is observed in 50% of acute stroke patients, which decreases to 10% after one month (1, 2) . How stroke patients should be fed is a point of great importance from the acute phase to the chronic phase in terms of minimizing complications and maintaining the quality of life.
The FOOD trial, a large randomized trial, did not confirm the usefulness of early percutaneous endoscopic gastrostomy (PEG) placement in dysphagic stroke patients (3) . PEG does not prevent aspiration pneumonia over the long term (4) , and procedure-related complications occur in some cases (5) . The appropriate timing of PEG placement is also controversial in acute stroke patients. For these reasons, accurate prediction of the long-term prognosis of dysphagia is patients. Predictors for oral intake after 6 months were also identified from among in-hospital clinical parameters, including stroke severity both on admission and 10 days after admission.
Materials and Methods

Subjects
Data were obtained from a prospectively registered database of consecutive patients with a diagnosis of acute ischemic stroke admitted to the Stroke Center of Saiseikai Kumamoto Hospital within 7 days of onset. Not only patients with first-ever stroke, but also patients with a history of stroke were included in this study. Patients with hemorrhagic stroke and subarachnoid hemorrhage were excluded because the database for these patients was managed in another division. From April 2001 to September 2002, 738 acute ischemic stroke patients were admitted. Patients who died during the hospital stay were excluded from the study. Patients who died during follow-up were also excluded from the analysis for factors related to oral intake after 6 months, because the cause of their death might not necessarily be related to swallowing difficulty.
Questionnaire
Questionnaires were sent to the surviving patients by mail 6 months after onset. The questionnaire included the following data: 1) place where patients lived (home, hospital, or nursing home); 2) independence in daily living based on the modified Rankin Scale (mRS) (15) ; and 3) the mode of nutritional intake (oral, enteral, or parenteral). The reply to question 3) was used in this study; the results of 1) and 2) were used in other research.
Bedside assessment of swallowing function
Patients' swallowing function was assessed using a standardized bedside swallowing test within 3 days of admission. The test was undertaken by the attending physician or a nurse who had undergone training in swallowing assessment. A standard assessment was undertaken with the repetitive saliva swallowing test (RSST; able to swallow saliva !3 times during 30 seconds) (16) and a water swallow test (able to drink 5 mL of water). Patients who succeeded at both tests were fed normal food. If a patient was perfectly alert but could not understand instructions to swallow saliva due to aphasia, only the water drinking test was performed. In that case, those who could drink 5 mL of water within two swallows without choking or change in respiratory status were fed thickened food for training. Eating and swallowing status based on Fujishima's scale (Appendix) was recorded by the attending physician on day 3.
Clinical data collection
The following clinical data were collected from all participants: 1) age and sex; 2) vascular risk factors, including hypertension, diabetes mellitus, hypercholesterolemia, current smoking habit, and alcohol consumption; 3) atrial fibrillation; 4) previous history of stroke or transient ischemic attack; 5) ischemic heart diseases; 6) mRS score before onset of the index stroke; 7) stroke subtype based on Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria (17) (small vessel occlusion, large artery atherosclerosis, cardioembolic stroke, other determined etiology, or undetermined etiology); 8) site of index lesions: supratentorial (bilateral, left, and right), infratentorial, and undetermined; 9) National Institutes of Health Stroke Scale (NIHSS) score (18) on admission; 10) swallowing function on day 3 (based on Fujishima's scale); 11) NIHSS score on day 10 (or NIHSS score on discharge in patients discharged earlier); 12) length of hospital stay; 13) residence after discharge; 14) mRS score on discharge; 15) Barthel index (19) on discharge; 16) oral intake on discharge; and 17) complications during the hospital stay (respiratory infection, pulmonary embolism, ischemic heart attack, congestive heart failure, arrhythmia, gastric or duodenal ulcer, urinary tract infection, or decubitus ulcer).
Statistical analysis
First, the clinical characteristics were compared between the patients who replied to the questionnaire and those who did not of all of the survivors who were discharged from hospital. Secondly, every factor was compared between the patients who could eat orally 6 months after onset and those who could not of all of the survivors who were discharged from hospital and replied to the questionnaire. Patients who died during follow-up were excluded from the analysis. To identify independent predictors for oral intake 6 months after stroke, logistic regression analysis was performed using the factors that had a significant association on univariate analysis as dependent variables. Factors associated with patients' status on hospital discharge [above-mentioned factors 12)-17)] were excluded from the independent variables, because the length of hospital stay varied markedly among the participants.
The Mann-Whitney's U test was used for analysis of continuous variables, and the Chi-square test or Fisher's exact test was used for analysis of categorical variables. Continuous variables were dichotomized to identify the most sensitive predictors for oral intake after 6 months; the cutoff values were investigated by ROC curve analysis. A logistic regression model was used for the multivariate analysis with a step-up procedure. p values <0.05 were considered significant. All analyses were performed using a commercially available software package (SPSS for Windows, version 16.0.1, SPSS JAPAN Inc., Tokyo, Japan).
Results
Of the 738 patients with ischemic stroke, 45 patients died during the hospital stay and were excluded from the study. The average length of hospital stay for all patients was 
Patients who replied to the questionnaire and those who did not
Of the 693 patients who were discharged from the hospital, the proportion of males was higher among those who replied to the questionnaire than among those who did not (61% vs. 50%, p=0.021). Those who responded to the questionnaire had lower NIHSS scores on admission (6 vs. 8, p= 0.008), shorter hospitalizations (13 vs. 15 days, p=0.025), and higher Barthel indices (80 vs. 50, p=0.004, Table 1 ).
Outcome in patients who could not eat orally on admission
There were no patients who were fed by PEG or nasogastric tube feeding. On day 3 of admission, 456 (84.2%) of 548 patients were permitted oral food intake, and 92 (15.8%) needed some nutritional support other than oral foods. At discharge, 464 (84.7%) patients could eat orally. After 6 months, 39 patients lost oral intake or died, and another 39 patients achieved oral intake. Thus, 485 patients had oral intake after 6 months, including 46 patients (50.0% of 92) who had not had oral intake on day 3 (Fig. 1) .
Patients with oral intake compared with patients without oral intake after 6 months
Lower age, hyperlipidemia, mRS score before admission of 0, small vessel occlusion, lower NIHSS score on admission, lower NIHSS score on day 10, shorter hospital stay, discharge to home, lower mRS score, and higher Barthel index on discharge were related to oral intake after 6 months. Atrial fibrillation, previous stroke, and cardioembolic stroke were related to no oral intake after 6 months. However, no significant differences were observed in the site of lesions between the two groups ( Table 2) . On multivariate analysis, mRS score 0 before admission (OR 2.70, 95%CI 1.10-6.61) and NIHSS score !9 on day 10 (OR 21.12, 95%CI 5.04-88.39) remained as independent predictors, while NIHSS score !10 on admission did not (OR 1.47, 95%CI 0.36-5.95) ( Table 3) .
Discussion
In the present study, approximately 90% (88.5% of those who were followed-up and 92.4% of all survivors) achieved oral intake 6 months after stroke onset. Most of these patients achieved oral intake in the first several weeks during their hospital stay. However, it is notable that half of the patients with no oral intake on the first assessment achieved oral intake after 6 months. Two important clinical factors were found to independently predict oral intake 6 months after onset: independence before admission and stroke severity on day 10.
The long-term prognosis of swallowing function in stroke Oral intake after the first assessment, N (%)
Abbriviations: TIA, transient ischemic attack; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; BI, Barthel Index patients has been reported by some authors. They reported a mortality of 12.5-49.0% and a dysphagia rate of 10-20%, but unconscious or clinically unstable patients were excluded at baseline in most studies (1, 3, (6) (7) (8) (9) . In the present study, in which all patients were included regardless of stroke severity, low mortality (68 of 738, 9.2%) and a high rate of oral intake (485 of 525, 92.4%) after 6 months were verified. One of the reasons for these results might be that most dysphagic patients in our hospital were transferred to rehabilitation hospitals that have adequate speech therapists. However, a lower response rate to the questionnaire from patients with severe stroke (Table 1) would also explain the result to some extent.
Many previous authors have suggested other predictors for prolonged dysphagia after stroke (8, 10, (20) (21) (22) (23) , such as higher age, aphasia, absent gag reflex, and location of lesions in the frontal lobe or insular cortex. In the present study, independence before admission was also related to oral intake 6 months after onset. Independence, which has not been noted in previous studies, appears to be an important predictor. The frequency of previous stroke/TIA was greater in patients with no oral intake than in patients with oral intake, although the difference vanished after logistic regression analysis. It is well known that various factors affect swallowing function, including neurological diseases, spinal diseases, respiratory diseases, and general debility. In- The bold values indicate statistical significance (p <0.05).
95% CI
Abbreviations: mRS, modified Rankin Scale; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale dependence would reflect a patient's good general status, being free from these factors. Stroke severity is a powerful predictor for deglutition difficulty after acute stroke (6, (20) (21) (22) 24) . However, few authors have analyzed to determine in which phase (hyperacute or subacute) stroke severity is more closely related to prolonged dysphagia. In the present study, the NIHSS score on day 10 was more predictive of long-term outcome of swallowing status than the NIHSS score on admission. This could be explained by the fact that stroke symptoms fluctuate dramatically in the acute phase of stroke (11) (12) (13) (14) . Although the difference in the median NIHSS score between admission and day 10 was rather small (6 vs. 3), substantial changes in symptoms could occur during the hospital stay in each patient. The cutoff point of the NIHSS score to predict oral intake after 6 months also changed marginally (10 vs. 9).
The American Society for Parenteral and Enteral Nutrition recommends considering long-term feeding devices such as PEG for patients who need tube feeding over 4 weeks (25) . The usefulness of early PEG placement was not confirmed by a randomized trial (3) . Clinicians should avoid making a hasty decision about PEG placement in acute stroke patients, in particular, those who have the above-mentioned predictors for achieving oral intake. However, we could not obtain data about when the dysphagic patients achieved oral intake after discharge. A subsequent follow-up study for these patients should be planned to clarify this point.
This study had some limitations. First, this was a single center, observational study. Second, questionnaire responses were not obtained from 21% of patients. Those who did not reply to the questionnaire had more severe stroke, and fewer took foods on discharge. Their morbidity and mortality might be higher than those who answered the questionnaire. However, we presume that the main results of the study would be similar, because severe stroke patients were also included in the analysis. Third, patients who died during the follow-up period were excluded from the analysis of prediction of oral intake 6 months after stroke. Some of them might have had severe swallowing difficulty, which would have influenced the cause of their death. Fourth, the longer length of hospital stay (median 13 days) in this study might influence the result, although it was relatively shorter than that in previous reports in Japan (26) . However, one of the main results dealing with the NIHSS score on day 10 was obtained owing to the length of stay. Fifth, although the relationships between specific neurological deficits and dysphagia would be intriguing, they were not evaluated in this study.
In conclusion, independence before admission and stroke severity on day 10 independently predict oral intake of stroke patients 6 months after onset. Clinicians should be cautious when considering PEG placement for these stroke patients.
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